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Abstract

Introduction

Current physical and chemical methods available for
urinary stones analysis are critically reviewed. No one
method is sufficient to provide all the clinically useful
information on the structure and composition of the
stones. We show that a combination of refined morphological and structural examination of stone with optical
microscopy, complemented by compositional analysis using infrared spectroscopy of the core, cross-section and
surface of calculi, provides a precise and reliable method
for identifying the structure and crystalline composition,
and permits quantification of stone components while being highly cost effective. Using such morphoconstitutional studies leads to a classification of urinary stones
in seven distinctive types and twenty-one subtypes
among monohydrate (whewellite) and dihydrate (weddellite) calcium oxalates, phosphates, uric acid, urates, protein, and cystine calculi. Furthermore, all of the recognized sub-types exhibit correlations with specific pathophysiologic conditions. We conclude that such morphoconstitutional refined analysis and classification of urinary calculi is of interest to properly identify the type of
stone disease and provides clues to etiopathogeny.

Recent worldwide and nation-wide epidemiologic
data provide evidence that incidence of renal stone disease has strikingly grown in industrialized countries
from World War II in parallel with increasing affluence
and correlative changes in nutritional habits (3, 80, 114,
115). In addition, comparative studies on stone composition in Western countries over the past four decades
have shown a dramatic increase in the proportion of calcium oxalate (CaOx) as the main component, contrasting
with a stable incidence of cystine and uric acid stones
and a marked decrease in the incidence of infection
stones (83, 129).
In view of the present high incidence of nephrolithiasis, a renewed interest is directed to pathophysiology of
stone formation, especially with concern to calcium oxalate and/or phosphate stones. In this respect, careful
morphological and structural analysis of calculi, either
spontaneously passed or surgically removed, provides information of major interest on the physico-chemical conditions which cause the formation and growth of stones
in a given patient.
Present classifications of urinary stones are mainly
based on chemical composition and epidemiological considerations. In the present paper, after having discussed
the main characteristics of stone analysis methods and
the results of current stone classifications, we attempt to
show that using a combination of light microscopic examination and infrared (IR) spectroscopy analysis provides a simple and useful means to classify urinary
stones (Table 1). Furthermore, clinical and biochemical
data associated with each stone type and subtype strongly suggest that in most cases, stone typology can be a
useful indicator of stone etiopathogeny (Tables 2-4).

Key Words: Urinary calculi, stone analysis, morphoconstitutional classification, calcium oxalate, calcium
phosphate, urates, cystine, protein stones, etiopathogenic
factors.
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Methods of Urinary Calculi Analysis
Introductory remarks

Urinary calculi result from a transient, intermittent
or permanent disorder in urine composition that induces
urine supersaturation. The first step in calculus formation is nucleation, followed by growth around the initial
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Table l. Morphoconstitutional classification of urinary calculi.

Ia

Section

Surface

Type

Smooth, mammillary or mulberry-shaped.
Frequent single umbilication indicative of
papillary origin.
Color: brown (Fig 1).

Compact.
Concentric structure, radial crystallization.
Brown (Fig 1).

lb

Both mammillary and rough.
Compact with some gaps.
Some mamillae broken or hollow; no umbilication. Crystalline without organized structure.
Color: dark brown (Fig 2).
Dark brown (Fig 2).

le

Smooth or budding
Cream to light brown (Fig 3).

Compact, crystalline, finely granular without organized
structure.
Light color (Fig 3).

Id

Smooth
Color: pale brown (Fig 4).

Compact, microcrystalline structure; thin concentric layers.
Color: beige (Fig 4).

Ila

Spiculated, with aggregated bipyramidal crystals.
Bright, translucent with sharp angles and edges.
Color: pale yellowish-brown (Fig 5).

Crystalline
Diffuse loose radial crystallization.
Yellowish-brown (Fig 5).

Spiculated, with thick, entangled, dull, opaque bi- Compact, crystalline, without
pyramidal crystals, having blunt angles and edges. organized structure.
Cream to pale yellowish-brown (Fig 6).
Gray-beige to yellow-brown. (Fig 6).

Ile

Rough, microcrystalline
Gray-beige to dark yellow-brown (Fig 7).

Microcrystalline with peripheral diffuse concentric structure.
Core with loose unorganized structure.
Gray-beige to dark yellow-brown (Fig 7).

Homogeneous, crystalline, smooth
or slightly embossed.
Various colors: ocher, orange, yellowish
or gray-beige (Fig 8).

Compact concentric structure,
Radial crystallization.

Heterogeneous, locally crystalline or
microcrystalline, rough or porous.
Various and heterogeneous colors
whitish to brownish-red (Fig 9).

Compact or loosely crystalline,
unorganized structure. Frequent porous areas.

Ille

Homogeneous, rough, locally porous.
Microcrystalline.
Color: whitish to gray-brown (Fig 10).

Compact, microcrystalline.
Usually unorganized or with weakly apparent concentricity.
Gray to gray-brown (Fig 10).

Illd

Heterogeneous, microcrystalline, rough
and extensively porous.
Color: grayish to brown (Fig 11).

Heterogeneous, with loose concentric layers,
locally porous.
Gray-beige to brown (Fig 11).

IVal

Homogeneous, microcrystalline,
rough, finely embossed.
Color: whitish to beige (Fig 12).

Homogeneous, microcrystalline, crumbly
with or without concentric structure.
Whitish to beige (Fig 12).

Illb

1Va2 Homogeneous, crystalline, smooth
with glazed appearance and cracks.
Irregular shape with asperities like
silex splinters.
Color: brown-yellow (Fig 13).

Ocher to red-orange (Fig 8).

Orange to red-orange (Fig 9).

Heterogeneous concentric foliated structure.
Thick crystalline brown-yellow layers and thin microcrystalline beige layers. Often multiple concentricity surrounding
distinct nuclei (Fig 13).

Table continued on the facing page
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Table 1. Morphoconstitutional classification of urinary calculi (continued from previous page).
Type

Surface

Section

IVb

Heterogeneous, both rough and embossed, sometimes porous, with confluent superficial deposits
Color: whitish or beige, brown-yellow to brown
(Fig 14).

Heterogeneous, concentric structure with alternately thick
whitish, microcrystalline layers and thin, brown-yellow
crystalline layers (Fig 14).

IV c

Homogeneous, crystalline, composed of
amalgamate crystals with blunt angles and edges.

Loose structure with crude radial crystallization and
sometimes diffuse concentric organization. Frequent presence
of other compounds which slightly modify morphology.
Whitish (Fig 15).

Color: white (Fig 15).
IVd

Homogeneous, crystalline, finely rough or
dappled. Frequent slightly translucent aspect
Color: whitish to beige (Fig 16).

Compact concentric layers with radial crystallization.
Whitish to beige (Fig 16).

Va

Homogeneous, crystalline, either granular with
blunted-angle crystals or only embossed.
Translucent, waxy aspect.
Color: yellowish to brown-yellow (Fig 17).

Homogeneous. Unorganized or with crude and
diffuse radial crystallization.

Vb

Homogeneous, microcrystalline,
smooth or very finely rough.
Color: whitish to yellowish (Fig 18).

Heterogeneous, compact with microcrystalline whitish thin
concentric layers in periphery. Crystalline, unorganized core.
Yellowish to pale brown-yellow (Fig 18).

Via

Soft calculi. Homogeneous, smooth, without
organized structure. Often translucent aspect.
Color: whitish to pale brown (Fig 19).

Homogeneous, unorganized (same aspect as the surface).
Foci of secondary mineralization often present.
Whitish to pale brown (Fig 19).

Vlb

Heterogeneous, irregularly rough,
locally scaled.
Color: brown to blackish (Fig 20).

Heterogeneous, slightly organized. Crumbly, with
crude and diffuse concentric and foliated structure.
Dark brown blended with color(s) of
associated components (Fig 20).

Vic

Homogeneous, smooth or finely
rough, with clefts and scales.
Color: brown to blackish (Fig 21).

Homogeneous, unorganized, loose, dark-brown or
heterogeneous, with a brown proteic shield surrounding
a loose, unorganized core made of
light-brown whewellite crystals (Fig 21).

Miscellaneous

See text for comments

VII

Yellowish to pale brown-yellow (Fig 17).

nucleus. Factors acting on stone growth may be different from those involved in nucleation (30, 44, 134).
Also, physico-chemical conditions that had provoked
stone nucleation may have disappeared at the time of patient's investigation. In both cases, separate examination
of the core, cross-section, and surface of the calculus,
may provide information as regard the lithogenetic conditions that were present at the time of nucleation and
during subsequent stone growth. Such information is of
primary importance in the reconstruction of the history
of calculus formation.
Some remarks on general characteristics of urinary
stones may help to select the best combination of analytical methods. Stone components may be mineral, organic, or both. More than 65 different molecules (including

25 of exogenous origin) have been found in urinary calculi (29). The same chemical component may crystallize in different forms [for instance, calcium oxalate may
be present in the form of CaOx monohydrate (COM), or
dihydrate (COD), or trihydrate (COT), and such crystalline forms have been shown to be associated with distinct biochemical conditions (2, 31, 37). Therefore,
proper stone analysis has to identify not only the molecular species present in the calculus, but also the crystalline forms within chemical constituents.
Most stones are of mixed composition and, among
heterogeneous calculi, about 80 % are made of a mixture
of CaOx and calcium phosphate (CaP) in various proportions. By contrast, the presence of a unique, but unusual compound (e.g., 2,8-dihydroxyadenine, xanthine,
1083
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Figure 1. Type Ia stone. la. Stone with smooth and
mammillary surface. Note the presence of a papillary
umbilication. Color: brown to dark brown. Composition: whewellite. Dimensions: 5 x 3.5 x 3 mm.
lb. Section composed of concentric layers with radial
crystalliz.ation. Color: dark brown. Composition: pure
whewellite. Dimensions: 6 x 5 x 5 mm.

cystine, calcite, etc.) defines a specific type of urolithiasis.
Quantitative evaluation of components is needed to
provide full information. Location of components within
the calculus has to be considered. A small quantity of
CaOx concentrated in the core of a phosphatic stone is
suggestive of a changing lithogenetic process initiated by
calcium oxalate supersaturation and subsequent modification by factors which increase urinary pH, such as urinary tract infection, whereas a small quantity of CaOx located in peripheral layers has no etiopathogenic significance (65). The same is true for CaP. When present in
small quantity in the nucleus of a calculus predominantly
made of CaOx, CaP is often suggestive of stone formation through heterogeneous nucleation, for instance on a
Randall's plaque (108, 109).
Superficial and cross-sectional morphology of stones
depends not only on molecular composition and on crystalline form, but also on anatomic conditions (such as
pyelocaliceal dilatation and stasis or tubular ectasias as
in medullary sponge kidneys) and metabolic activity of
stone disease. Color, texture, structural features, such
as papillary umbilication, bracketing sides, shape and
size of the crystals, are significant features which give
information on the age of the stone, possible processes
of crystalline conversion, and presence of other small
calculi in situ.
Microscopic examination may provide information
on stone activity and lithogenetic process. For instance,
a dark-coloured whewellite stone can be usually considered an old inactive calculus with a slow growth rate
which has allowed the incorporation of high quantities of
urinary pigments in the inner and superficial layers. By
contrast, a very pale coloured whewellite structure is the
evidence for fast crystalline growth and very active lithogenetic process such as observed in primary hyperoxaluria or in enteric hyperoxaluria (51). These features
have to be taken into account for stone classification as
developed in detail below.

Figure 2. Type lb calculus. 2a. Rough and mammillary surface. Color: yellowish-brown to dark brown.
Composition: whewellite (93 %) + proteins (5 %) +
carbapatite (2%). Dimensions: 12 x 9 x 7 mm.
2b. Unorganized cross-section. Note the presence of
some gaps. Color: dark brown. Composition: whewellite (94%) + proteins (5%) + carbapatite (1 %).
Dimensions: 11 x 7 x 5 mm.
Figure 3. Type le calculus. Composition: pure wbewellite. 3a. Smooth and budding surface. Note the
very light color: beige to pale yellowish-brown. Dimensions: 12 x 7 x 5 mm. 3b. Finely granular and unorganized core. Note only some concentric layers with radial structure in peripheral areas. Color: cream to yellowish-brown. Dimensions: 10 x 8 x 6 mm.
Figure 4. Type Id calculus. Composition: pure whewellite. 4a. Smooth surface. Color: pale brown. Dimensions: 3 x 3 x 2 to 8 x 6 x 5 mm. 4b. Section
mainly composed of thin concentric layers. Note the radial striations of peripheral layers that correspond to
some areas with type Ia structure.
Color: beige.
Dimensions: 16 x 10 x 8 mm.

-----------------------------------techniques frequently give false-positive or false-negative
results (28, 84) and cannot guarantee a correct quantitation of the molecules except for procedures based in fact
on physical methods able to simultaneously detect and
quantify ions, such as atomic absorption spectrometry
for calcium and magnesium (61), or ultra-violet (UV)
spectrometry for urate, phosphate (73, 132), or drugs
(113).
A number of physical methods for stone analysis are
available (39, 116). While specific methods can be used
for the characteriz.ation of unusual compounds (19), or
to evaluate peculiar aspects of the stones [e.g., the study
of trace elements content (69, 78, 135)], routine analysis
must be able to give comprehensive information on stone
composition for clinical purposes. The following two
analytical approaches are useful and complementary:

Analytical methods

Stone analysis is based on chemical and physical
methods (46, 85). It may be emphasized that no single
method provides total information about the structure
and composition of stones. Preferably, at least two different methods (including one physical technique) have
to be combined for accurate analysis of calculi. A critical review of the methods has been published (39). We
will briefly address the possibilities and limitations of the
main available analytical methods.
Chemical methods do not give information about
crystalline phases and do not detect rare drug-induced or
metabolic compounds, such as 2,8-dihydroxyadenine
(18), xanthine, triamterene, or silica. Moreover, these

1. Microscopic examination with either a dissecting (38, 107, 112), or polarizing (8, 14, 20, 90, 117,
122, 123), or scanning electron microscope (11, 21, 70,
71, 86, 91, 125). Such methods provide information
about the nature of crystalline components, shape of the
1084
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crystals, internal structure, location of components, crystalline conversions (20, 122, 123), and some data about
intimate relations between crystals and organic matrix
(12, 13, 45, 141) or epitaxial relationships between different crystalline species (87). Transmission (TEM) and
scanning electron microscopy (SEM) have been largely
applied to study the inner structure of calculi (23, 110,
137) and to demonstrate the morphology of small crystals (11, 21, 125). For instance, using these methods,
frequent nucleation of calcium oxalate stones on apatite
nucleus was emphasized (1, 20, 107), and studies of the
papillary calculi were performed (21).

higher in calcium and uric acid stones than in infection
stones (99, 140), indicating that females are more frequently exposed to the risk of infection stone and males
to metabolic disorders (102).
From an epidemiologic point of view, some authors
report the overall frequency of the components while
others describe their results as main components (i.e.,
substances which account for more than 50 % of the
stone). Data on mixed calculi often are missing or
reported as of little concern (44, 105).
In 1962, Herring (55) analyzed the first large group
of stones by XRD and found whewellite in 43 % and
weddellite in 61 % of the stones. This was surprisingly
the only report to mention weddellite as the most frequent CaOx form in urinary calculi. In 1963, using
XRD and polarizing microscopy, Prien ( 106) reported
that CaOx was present in about 67 % of 24,000 stones.
More recently, similar results were obtained by Mandel
and Mandel (83) in the U.S.A. and by Schmucki and
Asper in Switzerland (120), with CaOx in 68.4% and
76% of3833 and 14165 calculi, respectively. In agreement with the findings of Brien et al. (14), we found
that 82. 7 % of 4600 calculi analyzed by IR spectroscopy
contained CaOx, mainly as whewellite (82 %). Recently,
Leusmann (77) published the composition of 5035 calculi
examined by XRD and found whewellite in 70.3 % and
weddellite in 43.6 % of the samples. Results concerning
weddellite are similar to those reported by Prien (106),
Schmucki and Asper (120), and Mandel and Mandel
(83), but higher frequencies were noted in our experience (56.8%) and in the studies reported by Brien et al.
(59.1 %) or Herring (61 %) (14, 55).
In view of the large group of stones analyzed, the
observed differences probably are due to analytical problems rather than true differences in stone composition.
Such difficulties are clearly apparent for apatite, the
frequency of which varies from 27. 8 % for Brien et al.
(14) up to 61.5% for Herring (55) although both authors
use the same analytical method (XRD), whereas we
were able to detect apatite in 75 .6 % in a group of 4600
calculi studied by IR spectroscopy (29). From an epidemiological point of view, such discrepancies are truly
of minor importance, since only the main compounds
must be considered. However, for a particular patient,
it may be very important to identify small quantities of
apatite or other components located in the nucleus of the
stone or in a given area, because such information can
point to a specific process of stone nucleation or growth.
Separate analyses of nucleus and peripheral layers
should be performed on all calculi (4, 39).

2. Identification of components in the stone is the
second step. Crystallographic methods (43, 49, 55, 101,
105, 118, 127), thermal analysis (7, 77, 111, 126), and
IR (5, 6, 35, 58, 95, 131, 138) or Raman spectroscopy
(36, 92), are available for this purpose.
Among these, X-ray diffraction (XRD) and IR spectrometry are the most convenient ones. Initiated by
Saupe in 1931 (118), XRD methods have been extensively used to analyze stones (4, 55, 57, 82, 99, 120,
121, 136), but they cannot detect all the components
present as has been shown by several comparative studies (14, 29, 77, 127). First applied to stone analysis
by Beischer (5) and by Weissmann et al. (138), IR spectroscopy spread mainly in Europe where numerous studies were performed using this technique (6, 28, 35, 58,
95, 121, 130). The quantity of sample needed for
Fourier-Transform IR (FTIR) spectrometry can be less
than one microgram; using IR microscopy (33), a single
10-20 µm crystal can be studied. As for XRD, computerized data can be automatically interpreted (9, 60, 74).
Procedures and atlas of various spectra have been published (59, 97) and quantitative analysis is possible (59,
79). Infrared analysis is an easy and rapid procedure,
able to identify all crystalline and amorphous compounds. Thus, IR spectroscopy can be considered a
valuable technique for stone analysis as confirmed by international quality controls on urolith analysis (111,
133).
Review of Stone Classifications
Classifications based on stone composition
Epidemiologic data on stone composition contribute
to the knowledge of the main causes of urolithiasis disease in a country during a given period (3). Four
groups of stones, grossly related to different etiopathogenic factors, are usually distinguished: calcium stones,
uric acid stones, infection stones, and cystine stones.
Such a classification is useful to roughly compare
the risk factors in a defined population. For instance, it
can be shown that the sex ratio (males/females, M/F) is

Calciwn stones
A number of physicians consider "calcium stones"
as a unique class of stones, although this class actually
1086
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Figure 5. Type Ila stone. Composition: weddellite (95%) + carbapatite (3%) + whewellite (2%). Color: pale
yellow-brown. Sa. Spiculated surface. Dimensions: 5 x 3.5 x 3 mm. Sb. Cross-section made of diffuse loose radial
crystallization. Dimensions: 15 x 15 x 6.5 mm.
Figure 6. Type Ilb stone. 6a. Spiculated surface, with thick, entangled and opaque bipyramidal crystals. Color:
beige. Composition: weddellite (65%) + whewellite (35%). Dimensions: 6 x 4 x 3.5 mm. 6b. Compact unorganiz.ed
cross-section. Color: yellowish-brown. Composition: whewellite (60 %) + weddellite (35 %) + carbapatite (5 %).
Dimensions: 15 x 9 x 6 mm.
Figure 7. Type Ile stone. 7a. Rough and embossed microcrystalline surface made of very small bipyramidal crystals.
Color: yellow-brown. Composition: weddellite (85%) + whewellite (10%) + proteins (4%) + carbapatite (1 %). Dimensions: 5 x 4 x 4 to 8 x 6 x 5 mm. 7b. Typical cross-section with loose core and thin concentric peripheral layers.
Color: gray-beige. Composition: weddellite (90%) + whewellite (7%) + proteins (3%). Dimensions: 5 x 5 x 4 mm.
1087
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includes various molecular compounds (CaOx, CaP,
magnesium and calcium phosphate). Moreover, these
components may be present in different crystalline
phases both for CaOx [whewellite, weddellite, and, rarely (42), calcium oxalate trihydrate], and CaP (carbapatites, amorphous CaP, octacalcium phosphate, brushite).
The clinical relevance of distinguishing crystalline
phases is rarely considered. However, some studies on
relationships between composition and cause of the calculi have suggested that weddellite or weddellite-like
structures are more frequent in the stones produced by
patients with hypercalciuria (37, 88). Furthermore,
weddellite is spontaneously formed in solutions with
high calcium/oxalate molar ratio (15, 31, 40, 41).
Meanwhile, whewellite is observed for low calcium/oxalate molar ratio and in hyperoxaluric conditions (41).
Recently, Conte et al. (27) compared stone composition
determined by IR spectroscopy with biological data in 58
subjects: 28 had formed a stone mainly composed of
whewellite and were normocalciuric; in contrast, the
other 30 patients had stones either composed of mixtures
of CaOx (without further precision on the crystalline
phase) and CaP, or made up ofweddellite, and were hypercalciuric. These authors concluded that weddellite
stones were more frequent in hypercalciuric patients
(27). They also suggested that whewellite stones probably are related to a lack of inhibitory activity, but they
did not provide conclusive arguments about such defect
(27).
On the other hand, it is largely accepted that urine
contains several crystallization inhibitors. Among them,
citrate (67, 103) and macromolecular substances such as
nephrocalcin and Tamm-Horsfall protein (56, 89) have
been reported to possess a strong inhibitory activity
against the growth or aggregation of CaOx monohydrate.
Concerning the interest to distinguish between pure
CaOx stones, CaOx and CaP mixed stones, and pure
CaP stones, it can be first argued that, contrary to
CaOx, crystallization of CaP is strongly dependent on
the urinary pH. Thus, stones predominantly composed
of CaP develop in alkaline or weakly acidic urine. Such
pH-dependency is not found in common idiopathic CaOx
nephrolithiasis. Several workers have emphasized the
relationship between CaP stones and disorders in renal
acidification (47, 48, 72). In their studies, Gault et al.
(47) reported a predominant CaP (without struvite) composition in 11.5 % of 4014 calculi studied by means of
IR spectroscopy. The sex ratio (M/F) was close to 1,
whereas in patients with CaOx-rich stones the M/F ratio
was above 3. A selected group of23 patients producing
CaP stones was compared to another group of 29 CaOx
stone formers. Metabolic investigation, including acidification tests, were performed on the two groups. A
third of the patients in the CaP group had evidence of

incomplete renal tubular acidosis versus none in the
CaOx group (48). Recently, Ohman et al. (96) compared the clinical significance of phosphate in 52 CaOx
stone formers. They conclude that "pure calcium oxalate stones may be the result of high oxalate excretion
whereas other calcium containing stones may have another and probably more complex aetiology".
In view of these data, and additionally considering
that CaP stones are frequently larger and more recurrent
than CaOx stones, it can be concluded that it is of clinical interest to classify CaOx stones and CaP stones into
two separate groups. The main problem encountered
here is to define the demarcation line between the groups
because a great number of calcium stones are mixtures
of CaOx and CaP in various proportions. In their study,
Gault et al. (47) included in the oxalate group stones
which contained 90 % or more of CaOx and in the phosphate group stones with a CaOx/CaP ratio of less than
1. In fact, the limit of 50 % to include patients in the
phosphate group is criticizable because frequently in a
given patient, who produced several mixed calcium
stones, some stones contain more than 50 % CaP, whereas others contain more than 50% CaOx. Probably, it
would be better to adopt the limit above 65-70% to define phosphate and oxalate stones and to include the intermediate stones in a class of CaOx and CaP mixed
stones.
Infection stones

Usually, this group defines stones which contain
struvite and result from chronic urinary tract infection
(UTI) by urea-splitting organisms such as proteus,
staphylococcus epidermidis, ureaplasma urealyticum and
others (52, 75). The responsibility of UTI by non-urease producing bacteria in the genesis of another calculi,
especially CaP stones without struvite, is poorly documented. Some investigators have demonstrated the ability of bacteria such as Escherichia coli to induce precipitation of CaP (26, 54, 68). Holmgren et al. (62) reported a prevalence of UTI close to 50 % when calculi were
predominantly made of CaP without struvite. By contrast, UTI was significantly less frequent in CaOx stone
patients (26 %).
We observed similar findings in a group of2094 patients. Among them, 630 (30%) had UTI. Calcium oxalate was the main component of 1333 stones and only
17.1 % of the corresponding patients had UTI. When
calculi were predominantly made of carbapatite without
struvite, UTI was present in 46 % of the cases. These
results suggest that UTI by non-urealytic bacteria may
be a significant and particular cause of CaP stone formation. As early as 1947, Prien and Frondel (105) concluded that pure apatite stones belong to the infection
stones group even if the urine may be temporary acidic
1088
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Table 2. Surface morphology of calculi and corresponding pathophysiologic factors.
Type
Ia

Whewellite

lb
le
Id

Whewellite
Whewellite
Whewellite

Ila

Weddellite
Weddellite
Weddellite

IIb
Ile

Intermittent hyperoxaluria (with or without hyperuricosuria).
Medullary sponge kidney; Randall's plaque (umbilication).
Hyperoxaluria; stasis.
Primary hyperoxaluria.
Hyperoxaluria (multiple, confined stones).

+ whewellite

Anhydrous uric acid
Dihydrate uric acid
and/or anhydrous uric acid
Various urates
Al-Mg urate

Illa
Illb
Ille

Ammonium hydrogen urate
IIId

Ammonium hydrogen urate

IVal

Carbapatite ±
Carbapatite +
Carbapatite
Carbapatite +
Carbapatite ±
Struvite
Brushite

IVa2
IVb
IVc
IVd

Main Etiologic Conditions

Usual Composition

oxalates
struvite
struvite
oxalates

H ypercalciuria
Hypercalciuria + intermittent hyperoxaluria.
Hypercalciuria (multiple, confined stones).
Low urinary pH, stasis
Hyperuricosuria; low urinary pH;
Defective renal ammoniagenesis; ileostomy.
Hyperuricosuria + high urinary pH.
High urate concentration + aluminum-containing phosphate
binders (end-stage renal failure).
Malnutrition (low phosphate intake); hyperuricosuria +
high urinary pH and ammonium.
Infection with ammonia-producing organisms; laxative abuse;
High renal ammoniagenesis.
Urinary tract infection; hypercalciuria; defective renal acidification.
Infection with urease-producing organisms.
Primary or secondary renal tubular acidosis (complete or incomplete).
Infection with urease-producing organisms.
Primary hyperparathyroidism.
Infection with urease-producing organisms.
Primary hyperparathyroidism; hypercalciuria; Renal phosphate leak.

Va
Vb

Cystine
Cystine + small amounts of
carbapatite

Cystinuria
Cystinuria

Vla
Vlb

Proteins
Proteins
Proteins
Proteins

Urinary tract infection.

Vlc

+ alkali therapy.

+ other components
Proteinuria + metabolic and/or drug-induced components.
+ carbapatite ± struvite Urinary tract infection.
+ whewellite
End-stage chronic renal failure; chronic hemodialysis.

Table 3. Most frequent mixed surface morphology of calculi and corresponding pathophysiologic factors.
Type

Usual Composition

Main Etiologic Conditions

Whewellite + weddellite
+ Ila
Ia + Ila + IVa Whewellite + weddellite
+ carbapatite
Ila + IVa
Weddellite + carbapatite
Whewellite + uric acid
Ia + IIIb
Ia + IVa
Whewellite + carbapatite

Intermittent hyperoxaluria and hypercalciuria.

IVa + IVc

Infection with urease-producing organisms.

Ia

Carbapatite

+ struvite

Intermittent hyperoxaluria
Medullary sponge kidney

+ hypercalciuria.
+ hypercalciuria.

Hypercalciuria; primary hyperparathyroidism.
Hyperuricosuria + intermittent hyperoxaluria.
Medullary sponge kidney; intermittent hyperoxaluria +
infection with non urease-producing organisms.
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and germ-free. Obviously, relationships between CaP
stones and bacteria need further investigation.
The possibility that infection may induce CaP stones
is an additional argument to separate calcium stones into
distinctive groups.

Figure 8. Type IIIa calculi. Color: orange. Sa.
Smooth surface.
Composition: pure anhydrous uric
acid. Dimensions: 4 x 4 x 3.5 to 9 x 8 x 8 mm. Sb.
Cross-section made of concentric layers with radial crystallization. Composition: uric acid anhydrous (95 %) +
uric acid dihydrate (5 %). Dimensions: 34 x 30 x 25
mm.

Morphoconstitutional classifications
The superficial and inner appearance of the stone is
well known since the 18th century and only few details
of structural interest were described later using new
microscopic techniques, mainly but not only SEM (8,
17, 81, 94, 119). First attempt to morphoconstitutional
classification was made by Ord and Shattock (98) about
the calcium stones. They defined five types in relation
to the structure of the calculus: concentric layers (type
I), concentric layers with radial laminations (type II),
shape and structure analogous to Jackstones (type III)
(107), loose unorganized structure (type IV), and compact unorganized structure (type V).
Prien and Frondel (105) confirmed such morphologic types, but they did not continue on the morphological
classification because they were convinced that virtually
all the stones, except cystine and other rare compounds,
could be clinically grouped into three classes as proposed by Jensen in 1941 (64): class I, for CaOx and
mixtures of CaOx and CaP; class II, for struvite-containing stones; and class III for uric acid stones.
In 1962, Murphy and Pyrab (88) distinguished
mainly between three types of structures consisting of:
laminated type, with concentric layers often presenting
alternate structure (e.g., mixed stones composed of carbapatite and struvite or of carbapatite and weddellite);
crystalline type in which the crystals appear well-formed
and individualized (this type essentially corresponds to
weddellite or whewellite); and striated type, in which the
crystals are frequently oriented resulting in an appearance of radial striation. This type was observed in
whewellite stones, as well as in uric acid and brushite
stones (16, 128). The crystalline and striated types
mainly concerned stones composed of CaOx.
More recently, Schubert and Brien (122) investigated the relationships between the textural forms of
CaOx stones and their composition; they identified four
textural types and concluded that whewellite can form
either by primary crystallization or by dehydration of
weddellite and conversion to whewellite. Similar conclusions were drawn by Berg et al. (8) who were able to
demonstrate, by means of polarizing microscopy and
SEM, that structures primarily composed of weddellite
crystals may convert into whewellite by a dissolutionrecrystallization process.
These crystalline changes are important to be
considered because they explain the polymorphism of
some stone components. Also they account for the great

Figure 9. Type Illb stone. 9a. Heterogeneous embossed, rough and porous surface. Color: whitish to
brownish-red. Composition: uric acid anhydrous (75%)
+ uric acid dihydrate (25%). Dimensions: 42 x 37 x 30
mm. 9b. Unorganized and porous cross-section. Color: red-orange. Composition: uric acid dihydrate (65%)
+ uric acid anhydrous (35 %). Dimensions: 18 x 12 x
8mm.
Figure 10. Type Ille stone. Rough and porous surface.
Color: whitish to grayish. Composition: pure caicium
hydrogen urate hexabydrate. Dimensions: 11 x 10 x 9
mm.
Figure 11. Type Illd stone. lla. Rough and extensively porous surface. Color: grayish-brown. Composition: ammonium hydrogen urate (95 %) + whewellite
(5%). Dimensions: 20 x 12 x 9 mm. llb. Heterogeneous section with porous concentric layers. Color:
beige to pink-brown. Composition: ammonium hydrogen urate (90%) + whewellite (10%). Dimensions: 16
X 13 X 10 mm.
differences observed in the frequency of some crystalline
species between stones and crystalluria (139). Moreover, these crystalline conversions explain the possibility
to observe, at the microscopic level, a weddellite morphology and to identify whewellite as the main component by physico-chemical methods. As a consequence,
the relationships between stones and etiopathogenic factors must simultaneously take into account the stone
morphology with the crystalline composition.
Such a classification, based on both morphologic examination and structural analysis of stones, has recently
been proposed by Leusmann (76). Attempts to correlate
composition of stones with etiopathogenic conditions
have been presented by several authors (100, 102, 103,
124, 142).

Proposed Morphoconstitutional Classification
Analytical procedure
In routine analysis, we first examine the surface and
the section of the calculi by means of a dissecting microscope. This is a simple and convenient way to obtain all
the clinically useful information on the main compounds
and structure of the stone. This technique permits us to
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detect the presence of a Randall's plaque as nucleus of
the stone, one or several bracketing sides suggesting that
other calculi were present in the same caliceal area.
Signs indicative of stone activity are noted as bright
color for whewellite structures, shapes and sizes for
weddellite crystals or pigmentation of CaP stones. After
having recorded surface characteristics, the calculus is
sectioned using a scalpel and cross-sections are examined. The radial or/and concentric structure is noted.
The nucleation area is localized from the orientation of
the crystallization planes on cross-sections by looking at
two or if necessary several cuttings of the stone.
Although surgical procedures are now restricted to
some difficult cases and replaced by new non-invasive
techniques such as extracorporeal shock wave lithotripsy
(ESWL), analysis of stones or fragments should not be
neglected and still remains a prominent part of etiologic
investigation of the lithiasic patient. Fortunately, even
small fragments passed following ESWL still afford valuable information when properly analyzed (34). The
morphological typing can still be performed but the nucleation area is Jost in a great number of cases (up to
50% of the stones).
In a second step, a sample of each significant part
of the stone (nucleation area, section, surface) is taken
off using the microscope and analyzed by IR spectroscopy. The relative amount of the stone components is obtained by studying a sample of a powder from the whole
stone.
Using this protocol, we analyzed more than 10,000
urinary calculi over the last 10 years. Based on the
combined information provided by microscopic and IR
analysis, we developed a morphoconstitutional classification of urinary stones. Seven main types and 21
subtypes were thus defined which can be related to crystalline composition. Furthermore, in most cases, using
clinical and biological data, strong and specific correlations between the various stone types and subtypes, and
the corresponding etiopathogenic conditions of stone
formation, could be established.

stones, type III for uric acid and urate stones, type IV
for calcium and magnesium phosphates, type V for cystine stones, type VI for protein-rich calculi (31, 39), and
type VII for miscellaneous specific stones (dihydroxyadenine, xanthine, drug stones, etc.). Morphological
characteristics of each type are given in Table 1 and
illustrated in Figures 1 to 21. Some examples of mixed
types are shown in Figures 22 to 27.
The main advantages of such morphoconstitutional
classification are: more than 95 % of the urinary calculi
fall into one of these groups, of which, each corresponds
to a peculiar set of structural characteristics; and each
morphological type is linked simultaneously with a textural form and with a crystalline component.
Some calculi have a "pure" structure, i.e., have an
homogeneous composition with the same morphological
type for both surface and section, but in most cases a
modification is apparent from the core up to the surface
of the calculus, defining a "mixed" structure.
Qualitative and quantitative data allow to classify
calculi into the corresponding etiopathogenic categories
defined by one or more main lithogenetic risk factors,
sometimes specific. Stones that correspond to an unusual composition or morphology induced by unusual lithogenetic factors (42) are put together in type VIL
Relationshipsbetweenmorphoconstitutionalclassification and etiopathogenic factors
We compared morphology and composition of calculi with blood and urine biochemistry and bacteriology
data obtained on the corresponding patients. Main correlations between etiology and morphoconstitutional data
are summarized in Table 2 for surface morphology of
pure stones, and in Table 3 for surface morphology of
mixed stones. Table 4 shows correlations between nucleus and section types and pathophysiologic factors.
Some examples are discussed below. The main correlations between etiologic and morphologic types of calcium stones are shown in Table 5. The threshold values
for the main urine biochemical lithogenic factors in stone
formers as defined in our laboratory are represented in
Table 6.
Formation of type I calculi, with whewellite as the
main component, mainly depends on high oxalate urinary concentration, whatever the specific cause of hyperoxaluria (50, 51, 53), whereas type II calculi, with weddellite as the main component, almost always are associated with hypercalciuria, either absorptive, resorptive or
renal.
Type Illa or Illb stones imply urinary uric acid supersaturation, resulting either from hyperuricosuria or
from low urine pH, whereas type Ille or Illd stones
rather are formed in alkaline or weakly acid urine with,
usually, a high renal ammoniagenesis.

Description of the morphoconstitutional types and
subtypes
Since observation of the superficial and internal
structures of the stone and recognition of the morphology of a number of crystals make possible to identify the
main components which are present by simple microscopic examination, we tried to establish codified relationships between composition and structure by observations of both surface and cross-section of calculi under
a low magnification (xl0 to xlOO) using a dissecting microscope. We classified stones into 7 main types with
regard to the composition, subdivided into 21 subtypes:
type I for whewellite stones, type II for weddellite
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Table 4. Correlations between the main types of nucleus and
section of calculi and corresponding pathophysiologic factors.

Type of
Nucleus

Main Etiologic
Conditions

Type of
Section

Ia

Ia, Ia + !Va

Hyperoxaluria; medullary sponge kidney.

Ia, lb

Ia, lb, Id, Ila

Hyperoxaluria.

le

Ia, le

Primary hyperoxaluria.

Ila, Ilb, Ile

Ila, Ile

H ypercalciuria.

Ilb

Ilb

Hypercalciuria, hyperoxaluria; stasis.

Ila, Ilb

Ila + !Va (unorganized
or concentric)

Hypercalciuria, primary Hyperparathyroidism.

Illa

Illa

Low urinary pH; stasis.

Illb

Ia, Illa, IIIb

Hyperuricosuria and/or low urinary pH.

Ille

IIIb, Ille

Hyperuricosuria + high urinary pH. Hyperuricosuria
+ low phosphate intake.

Ille

IVc

Hyperuricosuria + infection with urease,_:-producingorganisms.

Ille

Ia

High urinary sodium urate concentration.

Illd

Ia, Illd

Infection with urease-producing organisms; malnutrition;
anorexia nervosa; hyperammoniagenesis (low phosphate intake);
laxative abuse.

!Va

Ia

Randall's plaque; Medullary sponge kidney.

IVa

Ila, Ilb, Ila, IVa

Hypercalciuria; primary hyperparathyroidism.

!Va

IVa, !Vb, IVc

Urinary tract infection.

IVa

Ia

IVa

IVa2

Renal tubular acidosis.

!Va, IVd

IVd

Hypercalciuria; primary hyperparathyroidism; uropathy;
renal tubular acidosis; renal phosphate leak.

IVc

IVa, IVb, IVc

Infection with urease-producing organisms.

Va

Va, Vb

Cystinuria

Via

Via

Urinary tract infection (usually with urease-producing and
proteolytic enzyme-producing organisms).

Vlb

Ia, lb, Id, Ilb, IIIb, Vlb
Vlb

Proteins; clots; drug-induced calculi.
End-stage chronic renal failure.

Vle

Vle

End-stage chronic renal failure; chronic dialysis.

+ !Va

Medullary sponge kidney.
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Figure 12. Type IVa (IVal) stone. 12a. Homogeneous rough surface. Color: beige. Composition: carbapatite (75%)
+ carbonated amorphous calcium phosphate (15%) + struvite (10%). Dimensions: 28 x 22 x 18 mm. 12b. Cross-section with diffuse concentric structure. Color: whitish to beige. Composition: carbapatite (70 %) + carbonated amorphous calcium phosphate (20 %) + calcium oxalate monohydrate and dihydrate (5 %) + proteins (5 %). Dimensions:
15 X 10 X 8 mm.
Figure 13. Type 1Va2 stones. 13a. Smooth surface with glazed appearance and cracks. Note the multiple joining
faces between the stones. Color: brown-yellow. Composition: carbapatite (97%) + proteins (3%). Dimensions: 5
x 5 x 4 to 9 x 8 x 7 mm. 13b. Heterogeneous section with concentric foliated structure. Color: beige to brownyellow. Composition: carbapatite (85 %) + carbonated amorphous calcium phosphate (12 %) + proteins (3 %). Dimensions: 8 x 7 x 6 mm.
Figure 14. Type IVb stones. 14a. Staghom calculi. Heterogeneous, both embossed and rough, surface. Color: beige
to brown-yellow. Composition: carbapatite (70%) + struvite (30%). Dimensions: 10 x 8 x 7 to 70 x 55 x 28 mm.
14b. Heterogeneous section with alternate concentric layers. Color: whitish to brown-yellow. Composition: carbapatite
(65%) + struvite (34%) + ammonium hydrogen urate (1 %). Dimensions: 60 x 20 x 17 mm.
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Figure 15. Type IVc calculus. Color: whitish. 15a. Homogeneous surface composed of amalgamated large crystals.
Composition: struvite (90%) + carbapatite (10%). Dimensions: 110 x 95 x 90 mm. 15b. Unorganized cross-section
made of aggregated crystals. Composition: struvite (95 %) + carbapatite (5 %). Dimensions: 13 x 13 x 12 mm.
Figure 16. Type IVd stones. Color: beige. 16a. Finely rough or dappled surface. Composition: brushite (74%) +
carbapatite (24%) + weddellite (1 %) + whewellite (1 %). Dimensions: 6 x 5 x 4 to 10 x 9 x 8 mm. 16b. Cross-section made of concentric layers with radial crystallization. Composition: pure brushite. Dimensions: 13 x 13 x 7 mm.

--------------------------------------------------------------------------------------------our experience, 18 % of calculi formed by patients with
MSK belong to the Ia morphologic type. However, the
major characteristic of calculi in MSK patients was polymorphism. By contrast with other lithogenetic diseases,
stones passed simultaneously or successively by a MSK
patient were in nearly 70% of cases heterogeneous in
structure and differed from one another, variably combining types I, II and IV (66). Sometimes, Ia subtype
is associated with combined mild hyperoxaluria and
hyperuricosuria. As previously reported, such patients
can develop stones due to alteration of urinary glycosaminoglycans induced by uric acid or monosodium urate
(24, 104).
Calculi of le subtype were always associated, in our
experience (39 cases), with primary hyperoxaluria type
I. This very specific relationship between stone type
and pathology is of great clinical interest to early detect
this severe metabolic disorder. On the other hand, even
when recurrent and multiple, type I calculi of a, b, c or

Type IV stones have in common to be formed in
urine of which pH is permanently above 5.8, as a result
of defective tubular acidification (metabolic or infectious
in origin), or of ammonia formation by urea-splitting
organisms.
Within each main type, subdivision into various subtypes allows us to refine correlations with corresponding
lithogenetic risk factors and, in some instances, to assign
a given calculus to a specific etiology as discussed
below.

Calculi with calcium oxalate as the main component
Type I calculi, purely or mainly made of whewellite, suggest high urine oxalate concentration without
hypercalciuria as the main pathophysiologic factor (40).
Within this group, Ia subtype is often associated with
presence of either a Randall's plaque or tubular ectasias
in medullary sponge kidney (MSK), both conditions
known to induce intratubular formation of calculi. In
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d subtypes never were associated with primary hyperparathyroidism and in our opinion virtually preclude
hyperparathyroidism as the lithogenetic condition.
Calculi formed by patients with primary hyperparathyroidism almost constantly are of the morphologic
types Ila + IVa, IVa or IVd (Table 5), which usually
correspond to a combination of CaOx (in the form of
weddellite) and of CaP (carbapatite or brushite). Nearly
half of stones have a laminated structure with alternate
layers of CaOx and CaP while other stones show unorganized cross-sections with clusters of weddellite crystals
intermixed with carbapatite deposits. Our findings are
in good agreement with observations of Cifuentes et al.
(22) on the structure and composition of calculi in patients with primary hyperparathyroidism. When a calculus contains Jess than 5 % CaP, the likelihood of primary
hyperparathyroidism is very low. The usually high content in CaP can be explained by the frequent simultaneous occurrence ofhypercalciuria and hyperphosphaturia,
but also by the moderate increase of urinary pH induced
by the bone catabolism as demonstrated by Nordin (93)
and by Coe (25). Such rise in urinary pH is not found
in all patients with hyperparathyroidism, thus explaining
that some patients produce calculi mainly composed of
CaOx. Obviously, quantitative analysis of components
is of significance only if studied samples are representative of the whole calculus.

Figure 17. Type Va stone. Color: yellow-brown.
Composition: pure cystine. 17a. Granular surface.
Dimensions: 30 x 21 x 13 mm. 17b. Section with
crude and diffuse radial structure. Dimensions: 25 x 17
X 10 mm.

Calculi with calcium phosphate as the main component

Figure 21. Type Vic stones. Smooth and crackled surface. Color: dark brown to black. Unorganized crosssection made of small agglomerated crystals pale yellowbrown in color. Composition: whewellite (65 %) + proteins (35%). Dimensions: 0.8 x 0.8 x 0.7 to 5 x 3.5 x
3 mm.

Figure 18. Type Vb calculi. 18a. Smooth surface.
Color: pale yellow-brown. Composition: cystine (97 %)
+ carbapatite (3%). Dimensions: 7 x 6 x 5 to 12 x 10
x 8 mm. 18b. Heterogeneous section with microcrystalline thin concentric layers in periphery and an unorganized crystalline core. Color: beige to pale yellowbrown. Mean composition: cystine (98 %) + carbapatite
(2 %). Dimensions: 3 x 3 x 2.5 to 5.5 x 5 x 4.5 mm.
Figure 19. Type VIa calculi. Mucoprotein matrix.
Color: brown-yellowish.
Composition: pure mucoprotein. Dimensions: 55 x 40 x 30 mm.
Figure 20. Type Vlb stone. 20a. Smooth, rough and
crackled surface. Color: pale brown. Composition:
carbapatite (50%) + proteins (25%) + carbonated
amorphous calcium phosphate (15%) + struvite (10%).
Dimensions: 16 x 11 x 8 mm. 20b. Cross-section with
crude, foliated and crackled concentric structure. Color:
yellow and dark brown. Composition: free glaphenic
and hydroxyglaphenic acids (65%) + proteins (35%).
Dimensions: 18 x 15 x 12 mm.

Within the type IV group, type IVa2 morphology
deserves special attention. In our experience, such morphology specifically suggests an acidification defect, due
either to primary complete distal tubular acidosis or to
Sjogren's syndrome. Both conditions were associated
with type IVa2 stones in 90% of our cases. Two other
possible etiologic conditions are intratubular stone formation in MSK with medullary nephrocalcinosis and
acidification defect, and chronic renal parenchyma infection resulting in altered tubular acidification. In our
series, about 8 % of stones formed by MSK patients belong to the IVa2 subtype.
Of note, tubular ectasias (in MSK) or chronic pyelonephritis usually do not affect all nephrons in a homogeneous fashion. In a number of cases, part of nephrons
are spared and when the number of intact nephrons is
sufficiently high, their normal functional capacity compensates for the defective tubular acidification of altered
nephrons, so that no impaired acidification capacity is
apparent in the final urine (63), at least when using usual investigation techniques, which reflect the functional
capacity of whole kidney mass. Therefore, only extended diffuse tubular alterations can be detected by laboratory tests. However, as type IVa2 calculi may result

---------------------------from focal nephron involvement such as in MSK, presence of such calculi is highly suggestive of an underlying distal acidification defect, either focal or diffuse, and
either congenital or acquired.

Uric acid and urate stones
IIIa and IIIb subtypes correspond to uric acid
stones. The former is mainly observed in stasis conditions such as prostatic adenoma. Conversely, the Illb
subtype is encountered in all contexts where uric acid
supersaturation exists, such as, permanently low urine
pH or hyperuricosuria. Ille subtype is mainly observed
in patients with hyperuricosuria and alkaline urine due
to therapy. Aluminum magnesium complex urate encountered in hemodialyzed patients treated with aluminum hydroxide belongs to this subtype (32). Another
context is ammonium urate supersaturation induced by
hyperuricosuria and simultaneous UTI by urea-splitting
bacteria.
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Figures 22 to 27: Some examples of morphological associations.
Figure 22. Example of type Ia + type Ila association. Composition: whewellite (90%) + weddellite (10%).
Dimensions: 18 x 16 x 13 mm. Figure 23. Mixed stone with type IVa + Ila structure. Composition: weddellite
(45%) + carbapatite (40%) + whewellite (15%). Dimensions: 8 x 4 x 3 mm. Figure 24. Type Ila + IVa mixed
stone. Cross-section with some scattered deposits composed of carbapatite. Composition: weddellite (86 %) +
carbapatite (9%) + whewellite (5%). Dimensions: 11 x 10 x 6 mm. Figure 25. Another section of a type Ila+ IVa
mixed stone. Note the concentric structure with alternated irregular layers. Color: beige to brown-yellowish.
Composition: weddellite (50%) + carbapatite (40%) + whewellite (10%). Dimensions: 15 x 11 x 8 mm. Figure 26.
Heterogeneous morphology of multiple stones spontaneously passed in a patient with medullary sponge kidneys. Mean
composition: carbapatite (50%) + whewellite (30%) + whitlockite (10%) + weddellite (10%). Dimensions: 0.6 x 0.6
x 0.5 to 4 x 4 x 3 mm. Figure 27. Example of an heterogeneous calculus with mixed type Ia (left side) + Ila
(medium area) + Illb (right side). Color: beige to dark brown. Composition: uric acid anhydrous (35 %) + whewellite
(25%) + uric acid dihydrate (20%) + weddellite (20%). Dimensions: 28 x 20 x 16 mm.
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Table 5. Correlations between etiologic conditions and morphologic types of calcium stones.
Patho-Physiologic
Conditions

Number of
Patients

Surface Morphologic
Type(%)
1+11
II
II+IV

Oxalate as
Main Component
(%)

I

81.6

0.4

8.8

61.1

28.1

0

0.8

0

11.1

3.7

0

58.2

30.8

16.8

17.6

H ypercalci uria

249

Hyperoxaluria

135

100

97.7

1.5

Hypercalciuria + hyperoxaluria

54

100

13.0

72.2

Primary hyperparathyroidism

55

45.4

0

0

Medullary sponge kidney

125

79.2

24.8

33.6

11

7.2

IV
1.6

Table 6. Threshold values of main urine biochemical compounds in stone formers.
Metabolic abnormalities
(mmol/24 h)
Males

Females

Risk of stone formation
(mmol/1)
both sexes

Hypercalci uria

>

7.5

>

6.0

> 3.8

Hyperoxaluria

>

0.45

>

0.45

> 0.3

Hypocitraturia

< 1.5

< 1.7

< 1.0

Hyperuricosuria

>

>

>

H yperphosphaturia

>

4.8

>

36.0

4.2

32.0

2.5

> 24.0

their structure and cause. The Via subtype includes all
soft matrix encountered in pyelonephritis. The Vlb subtype includes stones induced by different pathogenic factors such as lithogenetic drugs, pyelonephritis, or metabolic disorders. The Vic subtype is specific to stones
developed in hemodialyzed patients receiving associated
treatments such as calcium or vitamin D supplementation. In hemodialyzed patients, the high tubular content
of proteins like albumin and /j-2-microglobulin may lead
to the formation of calculi mainly composed of proteins
admixed with whewellite crystals. Conversely, first
crystallization of whewellite can be responsible for
stones which secondarily incorporate protein material
(32).

IIId subtype is encountered in peculiar pathologic
contexts such as low phosphate intake with or without
infectious diarrhea (endemic lithiasis), laxative abuse and
all conditions of high renal or urinary ammonia synthesis.

Cystine stones
The Va subtype stones show a granular and embossed superficial morphology and correspond to recently
formed or untreated stones. A different appearance,
smooth or very finely rough, is observed in cystine
stones formed during alkaline therapy. These stones incorporate in their peripheral layers some proportions of
CaP and the cystine crystals are often of reduced size as
compared to non-treated patients. Consequently, these
cystine stones have a modified morphology corresponding to the Vb subtype (Fig. 18). Two morphological
subtypes of cystine stones have also been recently
observed by Bhatta et al. (10).

Miscellaneous stones
Stones grouped in type VII correspond to calculi
with specific morphology and composition such as xanthine stones induced by xanthine oxidase deficiency and
dihydroxyadenine stones induced by adenine phosphoribosyl transferase defect (18). Drug-containing stones
such as phenazopyridine, oxypurinol, silica and calcite
stones are also included in this group.

Protein stones
All the protein-rich stones are included in the VI
type that was split into three subgroups according to
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Conclusions
Proper analysis of stones requires a combination of
microscopical, physical, and chemical methods used in
appropriate order and applied to separate analysis of the
core, section and surface of the calculus. Combined with
microscopic examination, X-ray diffraction analysis, or
IR spectrophotometry, permit precise qualitative and
quantitative determination of the morphology and composition of calculi.
We propose a "morphoconstitutional" classification
of urinary calculi based on the combination of morphologic and compositional analysis. Correlations between
the different types and subtypes of stones and the corresponding etiopathogenic conditions most frequently observed in our patients are presented. In view of the correlations found between stone analysis and etiologic factors, careful morphoiogic and constitutional analysis of
urinary stones should not be neglected. Typological classification of urinary stones as described in the present
paper is able to constitute a prominent and fruitful part of
the etiologic investigation of the lithiasic patients.

Acknowledgements
This study was financially supported by the "Caisse
Nationale d 'Assurance Maladie des Travailleurs Salaries"
(CNAMTS, Securite Sociale, France, grant number
701039).

References
1. Abraham PA, Smith CL (1987) Evaluation of factors involved in calcium stone formation. Mineral Electrolyte Metab. 13, 201-208.
2. Anderson CK, Hodgkinson A, Pyrah LN (1961)
Renal calcification, calculus formation and the urinary
excretion of calcium. Lancet. ii, 454-456.
3. Asper R (1984) Epidemiology and socioeconomic
aspects of urolithiasis. Urol. Res. 12, 1-5.
4. Bastian HP, Gebhardt M (1974) The varying
composition of the nucleus and peripheral layers of
urinary calculi. Urol. Res. 2, 91-95.
5. Beischer DE (1955) Analysis of renal calculi by
infrared spectroscopy. J. Urol. 73, 653-659.
6. Bellanato J, Cifuentes-Delatte L, Hidalgo A,
Santos M (1973) Application of infrared spectroscopy to
the study of renal stones. In: Urinary Calculi. Recent
Advances in Aetiology, Stone Structure and Treatment.
Cifuentes Delatte L, Rapado A, Hodgkinson A (eds.).
Karger, Basel, Switzerland. pp. 237-246.
7. Berenyi M, Liptay G (1971) The use of thermal
analysis in medical science with special reference to
nephroliths. J. Thermal Anal. 3, 437-443.
8. Berg W, Lange P, Bothor C, Rossler D (1979)
Submicroscopic investigations on calcium oxalate stone
1100

Morphoconstitutional

classification of urinary calculi

24. Coe FL, Lawton RL, Goldstein RB, Tembe V
(1975) Sodium urate accelerates precipitation of calcium
oxalate in vitro. Proc. Soc. Exp. Biol. Med. 149, 926929.
25. Coe FL (1974) Magnitude of metabolic acidosis
in primary hyperparathyroidism. Arch. Intern. Med. 134,
262-265.
26. Cohen MS, Davis CP, Czerwinski EW, Warren
MM (1982) Calcium phosphate crystal formation in
Escherichia coli from human urine: an in vitro study. J.
Urol. 127, 184-185.
27. Conte A, Genestar C, Grases F (1990) Relation
between calcium oxalate hydrate form found in renal calculi and some urinary parameters. Urol. Int. 45, 25-27.
28. Corns CM (1983) Infrared analysis of renal calculi: a comparison with conventional techniques. Ann.
Clin. Biochem. 20, 20-25.
29. Daudon M (1989) Methodes d'analyse des calculs et des cristaux urinaires. Classification morphoconstitutionnelle des calculs. In: Lithiase Urinaire (Methods for
urinary calculi and crystals analysis. Morphoconstitutional
classification of urinary stones. In: Urolithiasis). Jungers
P, Daudon M, Le Due A (eds.). Flammarion Mooecine
Sciences, Paris. pp. 35-113 (in French).
30. Daudon M (1989) Mecanismes de la lithogenese.
In: Lithiase Urinaire (Mechanisms of lithogenesis. In:
Urolithiasis). Jungers P, Daudon M, Le Due A (eds.).
Flammarion Mooecine Sciences, Paris. pp. 114-157 (in
French).
31. Daudon M (1989) Modeles de cristallisation. In:
Lithiase Urinaire (Crystallization models. In: Urolithiasis). Jungers P, Daudon M, Le Due A (eds.). Flammarion Mooecine Sciences, Paris. pp. 158-195 (in French).
32. Daudon M, Lacour B, Jungers P, Drueke T,
Reveillaud RJ, Chevalier A, Bader CA (1992) Urolithiasis in patients with end-stage renal failure. J. Urol. 147,
977-980.
33. Daudon M, Marfisi C, Lacour B, Bader C (1991)
Investigation of urinary crystals by Fourier transform
infrared microscopy. Clin. Chem. 37, 83-87.
34. Daudon M, Nguyen HV, Reveillaud RJ, Teillac
P, Lombard M, Joerg A, Cortesse A, Le Due A (1990)
Faut-il toujours analyser les fragments de calculs expulses
apres lithotritie extacorporelle (Should fragments of
stones expelled after extracorporeal shock wave lithotripsy be systematically analyzed)? Presse Moo. 19, 251254 (in French).
35. Daudon M, Protat MF, Reveillaud RJ (1978)
Analyse des calculs par spectrophotometrie infrarouge.
Avantages et limites de la methode (Analysis of stones
using infrared spectroscopy: Advantages and limits of the
method). Ann. Biol. Clin. 36, 475-489 (in French).
36. Daudon M, Protat MF, Reveillaud RJ, JaeschkeBoyer H (1983) Infrared spectrometry and Raman microprobe in the analysis of urinary calculi. Kidney Int. 23,

842-850.
37. Daudon M, Reveillaud RJ (1984) Whewellite et
weddellite: vers des etiopathogenies differentes. Interet du
typage morphologique des calculs (Whewellite and weddellite: towards various etiological factors: Interest of
morphological typing of urinary calculi). Nephrologie. 5,
195-201 (in French).
38. Daudon M, Reveillaud RJ (1985) L'analyse des
calculs urinaires en routine: importance pour le diagnostic
etiologique de la lithiase (Routine analysis of urinary calculi: importance for identifying causes of the stone disease). Fiches Pratiques de Biologie. 3, 43-49 et Fiches
Biochimie 21-27 (in French).
39. Daudon M, Reveillaud RJ (1986) Methods ofurinary calculus analysis: a critical review. In: Advances in
Nephrology. Vol. 15. Griinfeld JP, Maxwell MH, Bach
JF, Crosnier J, Funck-Brentano JL (eds.). Year Book
Medical Publishers Inc., Chicago. pp. 219-244.
40. Daudon M, Reveillaud RJ (1986) Typage morphologique des calculs oxalocalciques et donnees etiopathogeniques (Morphological classification of calcium
oxalate calculi and associated etiopathogenic data). Sem.
Hop. Paris, 62, 3159-3168 (in French).
41. Daudon M, Reveillaud RJ, Levasseur H, Jungers
P (1989) Combined influence of urinary calcium and oxalate concentrations on crystal formation in stone formers.
In: Urolithiasis. Walker VR, Sutton RAL, Bert Cameron
EC, Pak CYC, Robertson WG (eds.). Plenum Press,
New York. pp. 155-157.
42. Daudon M, Reveillaud RJ, Normand M, Petit C,
Jungers P (1987) Piridoxilate-induced calcium oxalate
calculi: a new drug-induced metabolic nephrolithiasis. J.
Urol. 138, 258-261.
43. Dosch W (1978) Mineralogische Grundlagen der
Harnsteinbildung (Mineralogical basis of urinary calculi
formation). Med. Welt. 29, 39-43 (in German).
44. Finlayson B (1974) Renal lithiasis in review.
Urol. Clin. North Am. 1, 181-212.
45. Fleisch H (1978) Inhibitors and promoters of
stone formation. Kidney Int. 13, 361-371.
46. Fuss M, Simon J, Verbeelen D, Weiser M, Van
Landuyt P, Elskens I (1978) Chemical analysis of renal
stones from 377 Belgian patients by using qualitative or
quantitative methods. Eur. Urol. 4, 90-93.
47. Gault MH, Parfrey PS, Robertson WG (1988)
Idiopathic calcium phosphate nephrolithiasis. Nephron 48,
265-273.
48. Gault MH, Chafe LL, Morgan JM, Parfrey PS,
Hamett JD, Walsh EA, Prabhakaran VM, Dow D,
Colpitts A (1991) Comparison of patients with idiopathic
calcium phosphate and calcium oxalate stones. Medicine
70, 345-359.
49. Gibson RI (1974) Descriptive human pathological
mineralogy. Am. Mineral. 59, 1177-1182.
50. Gill HS, Rose GA (1986) Mild metabolic hyper-

1101

M. Daudon, C.A. Bader and P. Jungers
Sciences, Paris. pp. 310-365 (in French).
66. Jungers P, Daudon M (1989) Formes cliniques
de la lithiase urinaire. In: Lithiase urinaire (Clinical forms
of urolithiasis. In: Urolithiasis). Jungers P, Daudon M,
Le Due A (eds.). Flammarion Medecine Sciences, Paris.
pp. 366-431 (in French).
67. Jungers P, Daudon M, Lacour B, Rouillier P,
Abbassi A, Reveillaud RJ (1989) Prevalence of permanent idiopathic hypocitraturia in calcium stone formers.
In: Urolithiasis. Walker VR, Sutton RAL, Bert Cameron
EC, Pak CYC, Robertson WG (eds.). Plenum Press,
New York. p. 505 (abstract).
68. Keefe WE, Smith N (1977) Intracellular crystalline deposits of bacteria grown in urine from a stone
former. Invest. Urol. 14, 344-346.
69. Kennoki F, Mizuhira V, Konjiki T, Kawai H
(1978) Elemental analysis of urinary tract calculi using an
electron microscope with electron probe X-ray microanalyzer. Act. Histochem. Cytochem. 11, 387-398.
70. Khan SR, Hackett RL (1986) Identification of
urinary stone and sediment crystals by scanning electron
microscopy and X-ray microanalysis. J. Urol. 135, 818825.
71. Kim KM (1982) The stones. Scanning Electron
Microsc. 1982;N, 1635-1660.
72. Lagergren C, Ohrling H (1959) Urinary calculi
composed of pure calcium phosphate. Roentgen crystallographic analysis and its diagnostic value. Acta Chir.
Scand. 117, 335-339.
73. Larsson L, Sorbo B, Tiselius HG, Ohman S
(1984) A method for quantitative wet chemical analysis of
urinary calculi. Clin. Chim. Acta. 140, 9-20.
74. Lehmann CA, McClure GL, Smolens I (1988)
Identification of renal calculi by computerized infrared
spectroscopy. Clin. Chim. Acta, 173, 107-116.
75. Lerner SP, Gleeson MJ, Griffith DP (1989)
Infection stones. J. Urol. 141, 753-758.
76. Leusmann DB (1991) A classification of urinary
with respect to their composition and micromorphology.
Scand. J. Urol. 25, 141-150.
77. Leusmann DB, Blaschke R, Schmandt W (1990)
Results of 5035 stone analyses: a contribution to epidemiology of urinary stone disease. Scand. J. Urol.
Nephrol. 24, 205-210.
78. Levinson AA, Nosal M, Davidman M, Prien EL
Sr, Prien EL Jr, Stevenson RG (1978) Trace elements in
kidney stones from three areas in the United States.
Invest. Urol. 15, 270-274.
79. Ligabue A, Biagi R, Fini M, Bertusi G (1977)
Analisi quantitativa dei componenti dei calcoli urinari
mediante spettroscopia nell'infra-rosso (Quantitative
analysis of urinary calculi by means of infrared spectroscopy). Quad. Sclavo Diagn. 13, 186-196 (in Italian).
80. Ljunghall S, Lithell H, Skarfors E (1987) Prevalence of renal stones in 60-year-old men. A 10-year fol-

oxaluria and its response to pyridoxine. Urol. Int. 41,
393-396.
51. Gregory JG, Park KY, Schoenberg HW (1977)
Oxalate stone disease after intestinal resection. J. Urol.
117, 631-634.
52. Griffith DP, Osborne CA (1987) Infection (urease) stones. Mineral Electrolyte Met.ab. 13, 278-285.
53. Hautmann R, Lehmann A, Komor S (1980) Calcium and oxalate concentrations in human renal tissue:
the key to the pathogenesis of stone formation. J. Urol.
123, 317-319.
54. Hedelin H, Grenabo L, Hugosso J, Larsson P,
Pettersson S (1989) E. coli - A promoting factor in the
development of phosphate stones? In: Urolithiasis.
Walker VR, Sutton RAL, Bert Cameron EC, Pak CYC,
Robertson WG (eds.). Plenum Press, New York. pp. 289
(abstract).
55. Herring LC (1962) Observations on the analysis
of ten thousand urinary calculi. J. Urol. 88, 545-562.
56. Hess B, Nakagawa Y, Coe FL (1989) Inhibition
of calcium oxalate monohydrate crystal aggregation by
urine proteins. Am. J. Physiol. 257, F99-F106.
57. Hesse A, Schneider HJ, Schroder S, Wegner R
(1976) Ergebnisse der AN-gerechten Auswertung von
10000 Hamsteinanalysenbelegen (Results of 10,000 urinary calculi analysis). Zschr. Urol. 69, 1-9 (in German).
58. Hesse A, Molt K (1982) Technik der infrarotspektroskopischen Hamsteinanalyse (Analysis of urinary
calculi by infrared spectroscopy). J. Clin. Chem. Clin.
Biochem. 20, 861-873 (in German).
59. Hesse A, Sanders G (1988) Atlas of infrared
spectra for the analysis of urinary concrements. Georg
Thieme Verlag, Stuttgart, 25-192.
60. Hesse A, Gergeleit M, Schuller P (1989) Analysis of urinary stones by computerized infrared spectroscopy. J. Clin. Chem. Clin. Biochem. 27, 639-642.
61. Hodgkinson A (1971) A combined qualitative and
quantitative procedure for the chemical analysis of urinary
calculi. J. Clin. Pathol. 24, 147-151.
62. Holmgren K, Danielson BG, Fellstrom B,
Ljunghall S, Niklasson F, Wikstrom B (1989) The relation between urinary tract infections and stone composition in renal stone formers. Scand. J. Urol. 23, 131-136.
63. Rouillier P, Leviel F, Daudon M, Paillard M,
Jungers P (1989) Response of patients with medullary
sponge kidney and calcium nephrolithiasis to an acute
acid load. In: Urolithiasis. Walker VR, Sutton RAL, Bert
Cameron EC, Pak CYC, Robertson WG (eds.). Plenum
Press, New York. pp. 375-377.
64. Jensen AT (1941) On concrements from the
urinary tract, ill. Act. Chir. Scand. 85, 473-485.
65. Jungers P, Daudon M (1989) Autres varietes
chimiques de lithiase. In: Lithiase urinaire (Other chemical varieties of urinary stones. In: Urolithiasis). Jungers
P, Daudon M, Le Due A (eds.). Flammarion Medecine

1102

Morphoconstitutional

classification of urinary calculi
Urol. 19, 182-186.
95. Ohmacht R, Jobst K (1977) Infraredspectrometric analysis of urinary calculi. Acta Chir. Acad. Sc. Hung.
18, 49-57.
96. Ohman S, Larsson L, Tiselius HG (1992)
Clinical significance of phosphate in calcium oxalate renal
stones. Ann. Clio. Biochem. 29, 59-63.
97. Oliver LK, Sweet RV (1976) A system of interpretation of infrared spectra of calculi for routine use in
the clinical laboratory. Clio. Chim. Acta. 72, 17-32.
98. Ord WM, Shattock SG (1895) On the microscopic structure of urinary calculi of oxalate of lime. Trans.
Path. Soc. London, 46, 91-132.
99. Otnes B (1980) Sex differences in the crystalline
composition of stones from the upper urinary tract.
Scand. J. Urol. Nephrol. 14, 51-56.
100. Otnes B (1983) Correlations between causes and
composition of urinary stones. Scand. J. Urol. Nephrol.
17, 93-98.
101. Otnes B, Montgomery O (1980) Method and reliability of crystallographic stone analysis. Invest. Urol.
17, 85-92.
102. Pak CYC (1978) Calcium urolithiasis. Pathogenesis, diagnosis and management. Plenum, New York.
pp. 5-36.
103. Pak CYC (1991) Etiology and treatment ofurolithiasis. Am. J. Kidney Diseases. 18, 624-637.
104. Pak CYC, Holt K, Zerwekh JE (1979) Attenuation by monosodium urate of the inhibitory effect of glycosaminoglycans on calcium oxalate nucleation. Invest.
Urol. 17, 138-140.
105-Prien EL, Frondel C (1947) Studies in urolithiasis. I.The composition of urinary calculi. J. Urol. 57,
949-991.
106. Prien EL (1963) Crystallographic analysis of
urinary calculi: a 23-year survey study. J. U rol. 89, 917924.
107. Prien EL, Prien EL Jr (1968) Composition and
structure of urinary stone. Am. J. Med. 45, 654-672.
108. Randall A (1936) An hypothesis for the origin
of renal calculus. New Engl. J. Med. 214, 234-237.
109. Randall A (1937) The origin and growth of
renal calculi. Ann. Surg. 105, 1009-1027.
110. Rao MVR, Agarwal JS, Taneja OP (1978) Studies in urolithiasis.ill. Electron optical investigation on the
morphology of the colloidal matrix of urinary calculi.
Invest. Urol. 15, 452-455.
111. Rebentisch G, Berg W (1984) International ring
test to check the quality of urolith analyses. Eur. Urol.
10, 196-201.
112. Reveillaud RJ, Daudon M, Protat MF, Ayrole
G (1980) Analysis of urinary calculi in adults. Attempts
of correlations between morphology and composition.
Eur. Urol. 6, 161-165.
113. Reveillaud RJ, Daudon M, Protat MF, Rymer

low-up study of a health survey. Br. J. Urol. 60, 10-13.
81. Lonsdale KL (1968) Epitaxy as a growth factor
in urinary calculi and gallstones. Nature. 217, 56-58.
82. Lonsdale KL, Sutor DJ, Wooley S (1968) Composition of urinary calculi by X-ray diffraction. Collected
data from various localities. Br. J. Urol. 40, 33-36.
83. Mandel NS, Mandel GS (1987) Physicochemistry
of urinary stone formation. In: Renal Stone Disease. Pak
CYC (ed.). Martinus Nijhoff Publishing, Boston. pp. 124.
84. Mas JC, Daudon M (1992) Analyse des calculs
urinaires: comparaison des resultats obtenus par methode
chimique et par spectrophotometrie infrarouge (Urinary
stone analysis: comparison between chemical and infrared
methods). Feuillets de Biologie. 33, 27-30 (in French).
85. Maurer L (1976) Untersuchungen uber die
Brauchbarkeit von Testkombinationen zur Harnsteinanalyse (Examination of urinary calculi by means of a
combination of chemical assays). Urologe B. 16, 25-29
(in German).
86. Medina JA, Rodriguez J, Cifuentes Delatte L
(1977) Estudio de las cristallizaciones en calculos renales
oxalocalcicos mediante microscopia electronica de barrido
(Scanning electron microscopy examination of crystals in
calcium oxalate stones). Arch. Esp. Urol. 30, 11-26 (in
Spanish).
87. Meyer JL, Bergert JH, Smith LH (1975) Epitaxial relationship in urolithiasis: the calcium oxalate mono-•
hydrate-hydroxyapatite system. Clio. Sci. Mol. Med. 49,
369-374.
88. Murphy BT, Pyrah LN (1962) The composition,
structure, and mechanisms of the formation of urinary
calculi. Br. J. Urol. 34, 129-159.
89. Nakagawa Y, Abram V, Kezdy FJ, Kaiser ET,
Coe FL (1983) Purification and characterization of the
principal inhibitor of calcium oxalate monohydrate crystal
growth in human urine. J. Biol. Chem. 258, 1259412600.
90. Nakano H (1922) Beitrage zur Kenntnis der in
den Harnsteinen enthaltenen Substanzen (Contribution to
the knowledge of the urinary stone components). J.
Biochem. 2, 437-445 (in German).
91. Navarro A, Campos A, Crespo PV, Zuluaga A,
Rodriguez T, Aguilar J ( 1990) Morphostructural patterns
in staghom renal calculi seen under the scanning electron
microscope. Br. J. Urol. 66, 132-136.
92. Nguyen Hong TD, Phat D, Plaza P, Daudon M,
Nguyen Quy D (1992) Identification of urinary calculi by
Raman laser fiber optics spectroscopy. Clio. Chem. 38,
292-298.
93. Nordin BEC (1960) The effect of intravenous
parathyroid extract on urinary pH, bicarbonate and
electrolyte excretion. Clio. Sci. 19, 311-319.
94. Ogbuji LU, Finlayson B (1981) Crystal morphologies in whewellite stones: Electron microscopy. Invest.

1103

M. Daudon, C.A. Bader and P. Jungers
tion of calcium phosphates from saturated solutions.
Scand. J. Urol. Nephrol. 15, 263-267.
131. Tsay YC (1961) Application of infrared spectroscopy to analysis of urinary calculi. J. Urol. 86, 838854.
132. Ul<lallA (1983) A wet chemistry method for the
analysis of urinary calculi. Scand. J. Clio. Lab. Invest.
43, 727-733.
133. Ul<lall A (1986) Strategies and methods for the
analytical investigation of urinary calculi. Clio. Chim.
Acta. 160, 93-101.
134. Vermeulen CW, Lyon ES (1968) Mechanisms
of genesis and growth of calculi. Am. J. Med. 45, 684692.
135. Wandt MAE, Rodgers AL (1987) Fluoride concentrations in a collection of urinary calculi. J. Urol. 138,
644-647.
136. Wanclt MAE, Rodgers AL (1988) Quantitative
X-ray diffraction analysis of urinary calculi by use of the
internal-standard method and reference intensity ratios.
Clio. Chem. 34, 289-294.
137. Warpehoski MA, Buscemi PJ, Osborn DC,
Finlayson B, Goldberg EP (1981) Distribution of organic
matrix in calcium oxalate renal calculi. Calcif. Tissue Int.
33, 211-222.
138. Weissman M, Klein B, Berkowitz J (1959) Clinical applications of infrared spectroscopy: analysis of
renal calculi. Anal. Chem. 31, 1334-1338.
139. Wemess PG, Bergert JH, Smith LH (1981)
Crystalluria. J. Crystal Growth. 53, 166-181.
140. Westbury EJ (1974) Some observations on the
quantitative analysis of over 1000 urinary calculi. Br. J.
Urol. 46, 215-227.
141. Wickham JEA (1976) Matrix and the infective
renal calculus. Br. J. Urol. 47, 727-732.
142. Wilson DM (1989) Clinical and laboratory approaches for evaluation of nephrolithiasis. J. Urol. 141,
770-774.

M, Amar E, Pottier J (1980) Calculs pyeliques d'aci<le
glafenique chez <leuxpatientes traitees <lefa~on prolongee
par des analgesiques (Glaphenic acid-containing stones in
two long-treated female patients by analgesics). Nephrologie 1, 3-8 (in French).
114. Robertson WG (1987) Diet and calcium stones.
Miner. Electrolyte Metab. 13, 228-234.
ll5. Robertson WG, Peacock M, Heyburn PJ, Marshall DH, Clark PB (1978) Risk factors in calcium stone
disease of the urinary tract. Br. J. Urol. 50, 449-454.
ll6. Rodgers AL (1985) The application of physicochemical procedures in the analysis of urinary calculi.
Scanning Electron Microsc. 1985;1I, 745-758.
117. Rodriguez-Minon Cifuentes JL (1976) Composicion mineral <le244 calculos vesicales antiguos (Composition of 244 past bladder stones) (1913-1950). Arch.
Esp. Urol. 29, 537-562 (in Spanish).
11.8. Saupe E (1931) Rontgen<liagramme von
menschlichen Korkengeweben und Konkrementen (Roentgen diagrams of human concretions). Fortsch. Geb.
Rontgenst. 44, 204-211 (in German).
119. Schaefer A, Dosch W (1978) Morphologie und
Genese von Calciumoxalat-Harnsteinen (Morphology and
genesis of urinary calcium oxalate stones). Fortsch. Urol.
Nephrol. 11, 110-123 (in German).
120. Schmucki 0, Asper R (1986) Clinical significance of stone analysis. Urol. Int. 41, 343-347.
121. Schneider HJ (1974) Technik <ler Harnsteinanalyse (Methods for urinary calculi analysis). V eb Georg
Thieme, Leipzig, Germany. pp. 51-163 (in German).
122. Schubert G, Brien G (1981) Crystallographic investigations of urinary calcium oxalate calculi. Int. Urol.
Nephrol. 13, 249-260.
123. Schubert G, Brien G, Lenk S, Koch R (1983)
Texture examinations on grain and thin section preparations of calcium oxalate calculi and their relations to
pathogenic parameters. Urol. Res. 11, 111-115.
124. Smith LH (1987) Pathogenesis of renal stones.
Mineral Electrolyte Metab. 13, 214-219.
125. Spector M, Garden NM, Rous N (1978) Ultrastructure and pathogenesis of human urinary calculi. Br.
J. Urol. 50, 12-15.
126. Strates BS (1966) Use of thermal gravimetry in
the study of nephroliths. Experientia. 22, 574-575.
127. Sutor DJ, Scheidt S (1968) Identification
standards for human urinary calculus components using
crystallographic methods. Br. J. Urol. 40, 22-28.
128. Sutor DJ, Wooley SE (1972) The structure and
formation of urinary calculi: I. Oriented crystal growth.
Br. J. Urol. 44, 532-536.
129. Takasaki E (1986) Chronological variation in
the chemical composition of upper urinary tract calculi.
J. Urol. 136, 5-9.
130. Try K ( 1981) The composition of urinary stones
analysed by infrared spectrophotometry and the precipita-

Discussion with Reviewers
W.G. Robertson: Do the authors consider it essential to
analyse stones in terms of its different parts, i.e., the
"nucleus" separately from the rest of the stone? If so,
how do they decide on what constitutes the "nucleus"?
Authors: We find it of interest to separately analyze the
different parts of stones because composition of the core
(or "nucleus") reflects the conditions that initiated stone
formation, whereas more superficial parts depend on the
physicochemical conditions that were present during stone
growth. We define the nucleus as the smallest part of the
stone towards which radial striation is convergent or the
concentric structure observed on several cross-sections.
Of course, when the same lithogenic factors are permanent, stone structure is homogeneous such as in cystinuria

1104

Morphoconstitutional

classification of urinary calculi

or primary hyperoxaluria. By contrast, composition of
core may differ from that of more superficial parts. As
examples, a core made of uric acid surrounding by whewellite layers is indicative of heterogeneous nucleation of
CaOx upon uric acid as inductor; a core made of CaOx
surrounded by calcium and magnesium phosphates layers
indicates initial presence of metabolic disorder such as
hypercalciuria and/or hyperoxaluria and subsequent
growth by urea-splitting microorganisms infection; and a
core made of CaOx with weddellite structure surrounded
by CaP is suggestive of hypercalciuria associated with
primary hyperparathyroidism or tubular acidification defect. A number of spontaneously passed whewellite
stones (Ia subtype) developed from a CaP deposit
(Randall's plaque), which served as a nucleus. In some
cases, the initial papillary deposit is made of sodium
hydrogen urate.

W.G. Robertson: How would the authors recommend
the analysis of stones greater than (say) 2 mm diameter?
Would they pulverize the whole stone and sample part or
all of the complete mixture or would they sample only
part of the stone before analysis?
Authors: The method of stone analysis is essentially the
same whatever the stone size. We always analyze the
morphology of surface and of section of the stone, looking at identifying the nucleus as defined above, and we
take with a needle a sample of the core and of several
surrounding areas. When this is done, the whole stone (if
small), or a representative sample is disintegrated for IR
spectroscopy analysis in order to quantify the respective
proportions of stone components.

H.G. Tiselius:

The delicate problem of determining the
composition of the nucleus as well as the remaining part
of the stones is difficult today because of the new technology that results in gravel and no large unaffected
stones. What is your suggestion for analysis of the disintegrated stone?
Authors: At the present time, a frequent situation is that
only small fragments passed after ESWL or percutaneous
nephrolithotomy are available for analysis. Nevertheless,
accurate information can still be obtained from analysis of
such fragments. By means of microscopic analysis of
fragments with binocular lenses, structure and morphological type of the stone could be identified in nearly 90 % of
cases in our experience (ref. 32). In addition, a nucleus
could be recognized in about half of cases. In such cases,
analysis of the different parts of the calculus may be proceeded as for whole stones. When only scarce very small
fragments are available, true composition and morphology
of the calculus cannot be reconstructed. In this case, the
fragments can be converted into powder for IR analysis
to obtain some information about the composition.

H.G. Tiselius: Would it, from your vast experience, be
possible to describe stone composition by careful examination of the radiographic appearance of the concrement
possibly in association with some information on urine
composition?
Authors: Identifying stone composition from its radiographic appearance is a much debated concern. Wellknown considerations on radiolucent stones will not be recalled, although not only uric acid but several types of
endogenous or iatrogenic stones may be responsible for
such an appearance; characteristic and specific crystalluria is often found in such cases, such as presence of
2,8-dihydroxyadenine crystals. With regards to X-ray
opaque stones, the type of calcium component may only
be suspected on the basis of roentgenologic appearance.
Weddellite stones often have a finely spiculated outline,
whereas whewellite and phosphate stones have a more
regular and clear-cut contour; an umbilicated structure is
sometimes apparent, highly suggestive of a whewellite
stone. Multiple, small calculi with a precaliceal situation
are suggestive of medullary sponge kidney but also of
other causes of medullary nephrocalcinosis. In all such
cases, blood and urine chemistry as well as crystalluria
provide more important etiopathogenic indices than roentgenologic appearance of stones.
Presence of uric acid, cystine or struvite crystals is
indicative per se, respectively of uric acid stones, cystinuria or infection with urease-producing organisms. Presence of monohydrate or dihydrate crystals is suggestive
of a corresponding composition of stones, i.e., monohydrate or dihydrate CaOx. In fact, crystalluria and biochemical data provide information about recent lithogenetic factors, but not necessarily about the factors that were
involved at the time of nucleation and growth of the
calculus.

H.G. Tiselius:

Are there any technical possibilities
available today or discernible at the horizon that might
make in situ analysis of stone composition possible?
Authors: In a very near future, in situ analysis of stone
composition should be available using Raman Laser fiber
optics spectroscopy by means of optical fibers inserted in
an ureteroscope or a nephroscope and placed in contact
with the stone. Preliminary studies have been published
(92).

B. Hess: What evidence can the authors provide for the
reproducibility of their method, i.e., if several investigators from different independent laboratories were to analyze a group of stones according to the proposed classification system, would they obtain identical results?
Authors: We evaluated reproducibility of our method by
testing results of analysis of various stones according to
our proposed morphoconstitutional classification performed by 25 investigators from 12 different laboratories.
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J.R. Asplin: In Table 2, hypocitraturia is not listed as an

Following a three-day full time training, providing an experience based on at least 150 stones including all types
and subtypes, nearly all trained physicians or laboratory
technicians were able to properly identify and classify
more than 95 % of all examined stones in accordance with
our classification. Especially, all trained investigators
were able to recognize the le and IV a2 subtypes which
are virtually specific of primary hyperoxaluria and distal
tubular acidosis in our experience. Such information is
not provided by IR or XRD analysis.
Thus, we can state that the proposed classification,
although it may appear complex at first inspection, is in
fact, easy to learn and very reproducible. Furthermore,
the more detailed the classification, the more specific the
correlation with physicochemical etiopathogenic factors.

etiologic condition, and hyperuricosuria as a cause of
CaOx stones is listed only secondarily with hyperoxaluria. Since effective stone therapy is often aimed at these
two metabolic abnormalities, how do you think they fit in
with this morphologic characterization of kidney stone
disease?
Authors: That hypocitraturia and hyperuricosuria are not
listed as single etiologic conditions for CaOx stones is
based on the fact that such metabolic disturbances have
not been found as independent single pathogenic factors
in any type of CaOx stones in our experience. When a
marked, permanent hypocitraturia was present, it was
constantly associated with another condition such as tubular acidifying defect, enteric hyperoxaluria or occult diarrhoea, with the corresponding morphoconstitutional types
of stones. Similarly, with regard to pure CaOx stones,
none of the seven proposed subtypes correlated with hyperuricosuria as the single lithogenic factor. In our calcium stone formers, hyperuricosuria was nearly always
associated with some degree of hypercalciuria, hyperoxaluria, low urinary pH, or low urinary output. Even in
cases of mixed urico-calcic stones, hyperuricosuria was
sometimes lacking and hypercalciuria or hyperoxaluria
was associated with low urine pH responsible for uric
acid supersaturation. Moreover, we and others know a
number of patients with recurrent CaOx stones treated
with allopurinol because of hyperuricemia and/or hyperuricosuria. This treatment has been ineffective to reduce
stone activity due to persistent mild hyperoxaluria. Thus,
on the basis of our present experience, neither hypocitraturia nor hyperuricosuria acted as single, independent
factors for CaOx stone formation and, therefore, cannot
be ascribed to a specific subtype. Obviously, this does
not, in any way, preclude the need for correcting hypocitraturia and/or hyperuricosuria when they contribute to the
risk of CaOx crystal formation and/or aggregation.
As a final comment, we propose that the detailed
morphoconstitutional classification described here constitutes a part of the evaluation of the urolithiasis patient, in
combination with (and not exclusive of) data provided by
blood and urine chemistry determinations. Although apparently complex, stone morphoconstitutional analysis is
in fact easy to learn while being highly cost effective.
Such a classification provides information in agreement
with urine chemistry in the case of common CaOx stones
and frequently gives additional information with regard to
the stone activity. Moreover, its interest lies in the
immediate identification of peculiar or specific etiopatbogenic conditions. Precise classification of stones leads to
well-targeted laboratory investigation and, hopefully, to
more effective correction of lithogenic factors.

J.R. Asplin: How does this morphologic classification
change the approach to therapy in the patient? Would
you expect stone therapy to be more effective with therapy directed by etiologic factors as determined by morphology rather than by urine chemistries as is done now?
Authors: The morphologic classification is not primarily
aimed at providing rules or algorithms for the choice of
therapy. However, stone therapy must be based not only
on urine chemistry but, primarily, on the etiologic conditions as defined from clinical and biological investigations including stone analysis. From this point of
view, such refined classification of stones may permit (or
strongly suggest) immediate identification of specific
conditions, such as, primary hyperoxaluria (type le), distal tubular acidosis either complete or incomplete (type
IVa2), primary hyperparathyroidism (type !Val or mixed
morphology !Val + Ila), or sometimes unusual lithogenetic conditions, out of the vast group of CaOx or CaP
stones. Moreover, as a result of the refined classification
orientation to more specific laboratory examinations can
be advise. In most of these cases, XRD or IR spectroscopy of whole stones would only identify CaOx monohydrate or carbapatite without further approach to specific
etiologic factors. With regard to the most frequent types
of CaOx stones, a type Ia morphology suggests intermittent, mild hyperoxaluria.
This condition is frequently
associated in our experience to low diuresis and such
finding emphasizes the need for serial urinary density
measurements and recommendations for sufficient and
well-distributed fluid intake throughout the nycthemer.
As another example, more than 100 cases of whewellite
stones referred to our laboratory exhibited an unusual
morphology.
Etiological inquiry allowed us to relate
these stones to piridoxilate treatment (40). Consequently,
piridoxilate treatment was stopped and replaced by
another drug without hyperoxaluric effects. These examples emphasize the need for stone therapy to be based on
a comprehensive etiopathogenetic approach in which
morphoconstitutional analysis plays a prominent part.
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